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Abstract - Nucleophiltc addition-elimination 8-eactions of ? -  -- 

methylsulfonyi-1.3-azoles with active methylene compounds were 

investigated in order Lo compare the reactivity of substrates. 

The order of  oxazole > ttiiazoie > 3-methylimidazale in the 

reacLivity was exhlbiled clearly. Furll~ermore, in axazuie and 

thiazc>le series, the predominant reactivity of the 2-position 

Over the 4 -  and 5-positinns was indicated on the reaction with 

the carbanions generated from active methylene compounds. 

Synthesis of 1.3-azolr derivatives containing a functionaiized carbon side-chain 

by means of aromatic SN2 type substitution of monohalo-1.3-azoies with active 

methylene compounds under basic conditions has not yet been well invest~gated, nnd 

t h e  fol loving only two reactions are reported in this category."' 

~h benzene benzene  Ph 

Scheme 1 

In order to obtain utilizable information on the nucleophilic C-C band formation 

from the vievpolnt o f  the synthesis of 1.3-azole derivatives, we investigated the 

s c o p e  and limitations of the nucieophilic substitution of halo-1,3-azules with 

active methylene compounds, together vi th the reaction of related compounds, as 

illustrated in Scheme 2. 

In the present investigation, the relative reactivity of halo- and methylsulfonyl- 

azoles towards nucleophiles was qualitatively estimated on the basis of isolated 

yields of the products and the reaction time in which complete consumption of the 

substrates was detected with the aid of thin Layer chromatography. When the reac-  



tion uas v e r y  slow, recovery yields of the substrates at 2~1 h were also taken as 

an additional index to evaluate the reactivity. 

X=O (oxazule). 5 !thiazolel. N-Me (I-melhyllmiduzule) 

R = H ,  Ph; Y=CI, B t . ,  S02He 

A and B = CN. C02Et. COMe, Pti 

Scheme 2 

Firstly. in order to estimate the difference on the react~vity of the ? - ,  4 -  and 

5-positions o f  each 1.3-azoles, the reactiun u l  phrnylacelon~trilr * i t 1 1  a variety 

of positional isomers of halo-diphenyl-1.3-azoles was examined under reaction 

conditions mentioned in Schcme 2. A s  listed in Table I, all the subs!rates, 

except for 4-chlora-2,5-dipheny1oxazole l4Aa1, reacted with the phenylacetnnitrilc 

to give the desired compounds in considerable yields. 

Judging from the yields and the required reaction time, i t  is clear that the rela- 

tive reactivity in oxazole and thiazule series is in the ur-der u f  position 2 > 

position 5 > position 4 .  

In connection kith these results, i t  should be noted that the reaction of 4-halw- 

2.5-diphenyl- and 5-hal81-2, I-diphenyl-1-methyl imidazoies with active methylrne 

cornpo~nd~ was not examined, because the pl.eparation of these compounds was not 

established. Further. I "  the reaction of 5-brumo-Z,~l-diphenyltt~iaz01e ( 7 A b ) ,  a 

untque debromination happened instead uf the far-mation of the expected product. 

and in this c a s e  2.d-dlphenyl thiazole was isolated as a sole product. The same 

re$ult was obtained by the reaction of 7Ab with sodium methylthioiate in ethsnoi. 

Accordingly, a likely mechanism o f  debromination is given in Scheme 3 involving 

initial a t t a c k  of nucleophiles to a i d  orbital of the bromine atom. 

7Ab 

Scheme 3 
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Table I .  Reaction of Halo-1,3-azales with PhCH2CN 

p h r !  .. PhCH,CN. NaH p h r N  

Substrate Product 

NO. X Y Position o f  NO. Reaction mp ('C) Yield ( % )  

Phenyl Groups Time (h) 

1Aa 0 2-CI 4 and 5 1Ca 114 115-117~) 71 

4Aa 0 4-Ci 2 and 5 24 0 ( ~ 1 ) ~ )  

4Ab 0 4-Br 2 and 5 4Ca 2 0 170-171 47 

6Aa 0 5-C1 2 and 4 6Ca 3 114-115 5 6 

6Ab 0 5-Br 2 and 4 6Ca 3 114-115 6 9 

2Aa S 2-C1 4 and 5 2Ca 1/4 117-119 73 

5Aa S 4-C1 2 and 5 6Ca 2 0 128-130 46 

5Ab S 4-Br 2 and 5 5Ca 4 128-130 51 

7Aa S 5-CI 2 and 4 7Ca 2 120-121 5 8 

3Aa NMe 2-CI 4 and 5 3Ca 2 168-170 78 

a )  Lit.' mp 109'C. 

b) The figure in the parenthesis shows the recovery of substrate 

Secondly, in order to compare the nucleophilicity of active methylene compounds 

toward the 2-position of three kinds of 1.3-azoles, the reaction of 2-methyl- 

suifanyl-4.5-diphenyi-1.3-azoies (I-4B) with such active methylene compounds as 

phenylacetonitrile (Ca), malononitrile (Cbl, ethyl cyanoacetale (Cc), diethyi 

malonate (Cd), and acetylacetone (Cel was examined in a similar manner as de- 

scribed in the preceding page. 

AS listed in Table 11, the results obtained by these experiments suggest that 

phenylacetonitrile is most nucleophilic, whereas acetylacetone is least. The 

following order in the nucleophilicity of the active methylene compounds, which is 

essentially same to that observed on the reaction with six-membered N -  

heteroar~matics,~ could be concluded. 



In addition to the above observation, the fullowing order was recognized in the 

reactivity o f  the 2-position of 1,3-azoles. 

uxazole > thiazoie > >  imidazote (N-Ye)  

In these experiments, 2-rnethylsulfon~l derivatives were employed instead of the 

corresponding ?-halo der~vatives, because the reaction u f  2-chloro-1.5-diphenyl- 

thiazole ( 2 A a )  with malonnni trite resulted in the complete recovery of the chin- 

ride. 

Table 1 1 .  Reaction o f  2-Methylsulfonyl-d.5-diphenyl-1,3-a~0Ies wlth Active 

Methylene Compounds 

Nucleophile -CH!CN!Ph -CH<CNI? CtIPCN!CO,Et -CH(C02Eti2 -CHiCOHe)2 

tCa! (Cb! (CC! iCd! (Ce! 

Substrate 

T ~ m e ( h )  1/1? 114 2 5 10 

S02Ele mp ('C) 115-117") 2 2 : ( d e c . l  16i-168 syrup 99-100 

1 B Yield ( % !  7 4  il 6 3 5 2  6 8 

a )  L J  t.1 mp 109'C. 

b) The figures in p:tr.entheses s h o w  the recoveries of substrates 
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Xeanwhile, i t  was >ncampletr to prepare all kinds nf diphenyl derivat~ves uf 1- 

and 5-methylsulfonyl-1 ,3-azoIes, orrng to the unsuccessful reaction o f  the corre- 

sponding halides xzi th sodium methyl thiolate. On the basis o f  the results in Table 

I ,  however, i t is concelvsble that uxazole is less reactive than thiazale at the 

4-po~ition and that the reactivity of oxazole and thiazole is similar at the 5- 

posi tion. 

Thirdly, the reaction of 1.5-unsubstituted 2-mett~ylsulfonylthiazule *ith actrve 

methylene compounds was examined. As listed rn Table 111, the results d o  not 

contradict with those obtained in the diphenylthlazole derivatives. 

Table 111. Reaction of 2 - M e t h y l s u l f u n y l t h i a z ~ ~ l e s  with Active Methylene Compounds 

a) Lit.' bp 154-156'C/.l mmHg. 

bl No me1 ling point is reported in the 1 ,  terature.' 

C I  The figure in parenthesis shows the recovery of Subslrblr 

Furthermore, the react ion of the pasi lional isomers o f  monuhalothlaznles nut 

containing any other s u b s t i  tuent wi th phenviacetoni tr-ile exhibi is that the 

relative reactivity of 2-, . d - ,  and 5-positions rn thiazale rings is in t h e  o r d e r  

of position 2 > position 5 > positiun 4. These findings are essentially same La 

those observed on halo-dlphenyl derivatives u f  nxazole and thiazole. 

Accordingly, i t  is clear. that two phcnyl groups attached to 1,3-nzoles do not 

exert any particular substituent effect to aromatic SN2 type reactions. 



Table IL'. R e s c t ~ o n  of Halothiaroirs *ith PhCH2Ch 

Substrate Product 

No. Y Nu. Reaction mp " C )  or Y ~ e l d  , %  

Time !h! bp ( ' C !  !mrntlg! 

8Aa P C 1  8Ca 1 1503"' i n  

8Ab 2 - B r  8Ca 1 2 I) 3 7 3 ]- . a !  

9Aa 4-C1 9Ca 3 1) 78-81? 41 

9Ab 4 -  9Ca 6 78-60 54 

lOAb 5-Br lOCa 4 86-07 6 8  

C~i'respnnding 

Diphenyi Derivative 

\ o .  Reactirtn Yield ' % ;  

Time ( h !  

Finaily, in order to confirm the general aspects n i  the reactivity indicated in 

r n o n ~ ~ y ~ l i c  1,3-azoies in other ring systems, the i'eactlon iif the corresponding 

1.3.4-diaznie and 1.3-benzaioie derivatives hith actlve methyiene curnpaunds was 

investigated. The substrates empivred in thls subject were 7-methylsulfonyi-5- 

phenyl-1.3.)-oxadiazolc !11B1. 3-methyisulfiinrl-5-phenyl-1.3,4-thiadinzaie !12B;, 

4 - m e t h y i - 3 - m e t h ~ I s u I f o n y I - 6 - p h e n y i - ~ - l . ? . 4 - t r ~ a r t i i e  '13B,, and three kinds i r f  ? -  

chlor0-1,3-benza~0les ill-16Aa). Based a n  the r e s u l t s  summarlzed in Tables Y and 

V I ,  the folloving order n f  the reactivity can be demonstrated. 

nxadiazole ) thiadiaznle > >  t?'lazole 'at the ?-pusition) 

benzoxazaie = benzothiaroie > >  benrimidazi~le (at the ?-position', 

Throughout the present investigation, i t  is concluded that phenyiacetc~ni tri ic is 

the mast effective nucieophile, and that the resctlvity c ~ f  1.3-aznles and related 

compounds a t  the 2 - p o s ~ t i o n  is closely associated trr the eiecti'onegiltivity of 

heterOatomS i-X-1 in these rings. 
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Table V .  Reaction of 2-Meth~lsulfon~l-1.3.4-diazales and 3 - M e t h ~ l s u i f o n ~ i - a -  

1.2.4-triazale with Active Methylene Compounds 

- - 

IT j  Time (h) 1/12 l/A 2 10 2 4 

Ph 5 S02Me mp ('C) 121-122 237(dec.l 218-220 143-14sa) 

128 Yield(%] 81 82 76 80 0 (81)~' 

-- 

l-! Time (h) 1/4 24 2 4 

Ph mp ('C) 129-130 Me 
13B Yield ( % )  83 0 ( 8 0 1 ~ )  0 !76)b' 

-- - - 

a )  Lit.' mp 145-146'C. 

b) The flgures in the parentheses show the recoveries of substrates. 

Table VI. Reaction of 2-Chlora-1.3-benzazoles with Active Methylene Compounds 

ma Time (h) 1/4 4 6 2 0 2 4 -. 0 Cl rnp 1°C) 111-112 270Cdec.) 218-219 Syrup 

14Aa Yield ( % I  70 7 2 60 3 9 0 1811a1 

Time (hl 1/4 4 8 2 0 24 

mp ('C) 1 1 4 - 1 1 6 ~ )  303cdec. 1 ' )  241-242d' 110-142~' 

15Aa Yield ( % )  73 76 5 8 42 0 (721a' 

Time t h )  1/4 24 2 .l 

Me mp ('C) 148-149 

16Aa Yield ( % )  83 0 (64)a1 0 ~ 6 9 ) ~ '  

a )  The figures in the parentheses show the recoveries of substrates. 

b)   it.^ mp llO'C. c )  Lit.6 mp 295'C. dl Lit.6 mp 243'C. e )  Lit.2 mp 148'C 



EXPERIMENTAL 

All melting paints were determined by capillary method and are uncorrected. 

Proton magnetic resonance  ('H-nmr) spectra were recorded at either 6 0  MHz on a 

JEOL JNM-PMX 6 0  spectrometer or at 10" MHz on a JEOL FX-100 spectrometer. Chemi- 

cal shifts are quoted in S value (ppml with tetramethytsilane (THSI or 2.2-di- 

methyl-2-silapentanesulfonic acid sodium salt (DSS) as an internal standard, and 

coupling constants ( J )  are given in hertz (Hz). The following abbreviations are 

used: s=singlet, d=doublet, tztriplet, q'quartet, m=mul tiplet, and brzbroad. 

Infrared (irl spectra were produced on a JASCO IR 810 Spectrometer. Column 

chromatography was carried out on silica gel (NAKARAI CHEMICALS, Ltd. silica gel 

60: KATAYAMA CHEMICALS, Ltd. silica gel 60). 

4-Chloro-2.5-diphenylthiazole (5Aa) - A mixture o f  2.5-diphenylthlazole 

(1.2 g, 5.0 mmol), N-chlorosuccinimide (NCSI (0.84 g, 6.3 mmall, and benzoyl 

peroxide 10.12 g. 0.5 mmotl in CC14 (15 mll was refluxed for 45 h. After cooling. 

the mixture was filtered, and the filtrate was concentrated to dryness under re- 

duced pressure. The residual solid was recrystallized from hexane to give color- 

less needles (1.0 g ,  74%). mp 58-60'C . I H - N ~ ~  (CDC13-TMS): 8.0-7.9 ( m ) ,  7.9- 

7.6 t m ) ,  7.6-7.3 im); the integrated ratio is 1:1:3. 

4-Bromn-2,5-di~henylthiazale (5Ab) - A mixture of 2.5-diphenylthiazole (1.2 8. 

5.0 mmol) and N-bromosuccinimide (1.1 g. 5.2 mmol) in CC14 (15 mll containing 48% 

HBr ( a  few drops) was refluxed for 30 h. After cooling, the mixture was filtered, 

and the filtrate was washed with sat. NaCl solution, dried o v e r  K2C03. and evapo- 

rated. The residue was recrystallized from hexane to give colorless needles 

(1.4 g, 89%). mp 60-62'C . ' ~ - ~ m r  CCDC13-TMS): 8.1-7.9 (ml, 7.9-7.6 (m), 7.6-7.4 

(m); the integrated ratio is 1:1:3. 

5-Chloro-2.4-diphenyloxazole (6Aa) - 2.d-Diphenyloxazole 1 . 1  g 5.0 m m l )  was 

treated with NCS (0.84 g ,  6.3 mmal I as  described for the Preparation of 5Aa: 

reaction time was 5 h. Recrystallization from hexane gave colorless needles 

(0.93 g ,  73%). mp 87-88.C. 'H-N~F (CDC13-TMS): 8.2-7.9 Lm), 7.7-7.4 (ml; the 

integrated ratio is 2:3. 
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5-Chloro-2.4-diphenylthiazole (7Aa) - ?..I-Diphenylthiazole I . ?  8 ,  5 mrnol! 

was treated with NCS (0.84 g, 6.3 mrnoil as described for the preparation f ~ f  5Aa: 

reaction time was 5 h. RecrystalliLation from hexane gave colorless needles 

11.0 g, 74%). mp 6-L-65'C. '~-:rnr. tCDC13-TMS): 8 . 2 - 7 . 9  (mi, 7.i-7.1 tm): the 

integrated ratio is 2 : 3 .  

1-Methyl-2-methylsulfonyl-4.5-diphenylirnidazole t3B) -- To a solution o f  1- 

m e t h y l - 2 - m e t h y l t h i o - ? , S - d i p h e n ~ l i m ~ d a ~ 0 1  (5.6 g ,  20 mmol! in AcOH t2V ml! and 

acetone (200 ml), KMn04 (6.4 g, 40 m m o l !  *as  added , and the mixture was stirred 

for 4 h at room temperature. Aqueous NaHS03 solution was added lo the mixture, 

then the whole was poured into H20 (2.5 I!. The separated solid was collected by 

suction, washed well with H,O, and dissolved in CHCI3. The CHCI3 solution was 

dried over Na2S04 and evaporated. .The residue was recrystallized from AcOEt to 

give calarless prisms ( 5 . 8  g ,  93%). mp 204-?0h9C. ' H - ~ m r  (CDCI3-TMS!: i .  7-7.1 

(m, IfJHi, 3.79 ( 5 ,  3Hi, 3.51 (5. 3H). 

General Procedure for the Reaction of 1.3-Aroles with Active Methylene Compounds 

- A 60% oil dispersion of VaH (13.16 g ,  1 mmoli was washed vi th hexane and 

suspended in dry THF $IS mi). An actiuc methylene compound (4 mmol) *as added to 

the THF suspension, and the mixture was stirred at room temperature tin the case  

of phenylaceton~triie; refluxedi for 13 mtn. Then a 1,3-azole derivative 12 rnrnol! 

in dry THF 15 ml! was added, and the mixture was refluxed until the substrate was 

disappeared trnonitared by tlci. After removal of the THF under reduced pressure, 

the residue was diluted with H20. and the aqueous soiutian was neutralized ~ 8 t h  

dil. HCI and extracted with CHC13 ( I "  the case  of malononitr~le, separated crys- 

tals were collected by suction, washed with H20, and dried in air). The CHCI3 

solution was washed with H?O, dried over MgSO,, and evaporated. Recrystallization 

from an appropriate solvent gave the pruduct. 

Reaction of 7Ab with Sodium Methylthiolate -- A snlutian of 7Ab (0.63 g. 

2 mmai) and 15% NaSMe (2 ml, 4 mmol! in EtOH (15 m i ,  was refluxed fur I h. After 

removal of the solvent, the residue was subjected tu silica gel column chromatog- 

raphy. Elution with hexane-AcOEt (9:li gave 4,s-dlphenylthiazolr which was re- 

CryStallized frum EtOH. Yield ( W . J ?  g. 88Xi. mp 91-93'C. ' ~ - ~ m r  tCDC13-TMS): 

8 . 1 .  m ,  H i  7.6-7.3 tm, iH!. 



Table VII. Spectral Data f o r  the Products o f  the Reaction o f  1.3-Azole 

Derivatives with Active Methylene C o m p o u n d s  

1Ca 

1Cb 

ICC 

1 Cd 

1 C e  

2Ca 

2Cb 

2CC 

2Cd 

3Ca 

4CB 

5Ca 

6Ca 

7Ca 

8 C a  

8Cb 

8 C c  

8Cd 

9Ca 

1 OCa 

l l c a  

l l C b  
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  able v I I .  continued 

a )  KBr. b )  DMSO-dB. c )  The integrated ratio is 1:l. 



T a b l e  V l l l .  A n a l y t i c a l  Data f o r  A l l  N e w  Compounds 

VO . Formula A n a l y s i s  ( % I  

C a l c d  Found 

C  H IV 5 C H N S 
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Table Vlll. continued 

L o .  For-mu1 a Analysis ! % )  

Calcd Found 

C H k S C H h S 

12Ca C16HIlN3S G9.29 4.90 16.15 11.56 69.09 4 15.23 11.63 

12Cb C11HGN4S 58.39 1.67 24.76 14.li 58.19 2.85 24.61 13.81 

12Cc C13HllN302S 5i.13 4.06 13.37 ! I 0 4  5i.36 3.85 15.24 3.81 

13Ca C17H11N1 74.43 5 1  20.42 74.12 5.22 29.12 

14Ca CISHl0N2O i6.91 4 . 3  11.96 76.69 4.51 11.76 

14Cb CIOH5N30 65.57 2.75 22.94 65.37 2.66 22.81 

14Cc CI2HION2O3 62.61 4.38 12.li 62.13 4 11.96 

14Cd ClqH15N05 60.61 5..15 5.05 6~1.91 5.57 4.88 

15Ca ClGH13N3 77.71 5.30 16.99 - - ii.92 3.56 16.84 
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